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Description 

The present invention relates to the preparation of novel finely divided particulate silicas, and more 
specifically to the manufacture of novel precipitated silicas, herein frequently referred to as "diatytic 
5 silicas", which are obtained by the el ectrodia lysis of sodium silicate solutions and that have a particulate 
size range similar to that of conventional precipitated silicas. 

Precipitated silica is generally prepared by reacting an alkali metal silicate such as sodium silicate and 
an inorganic acid under conditions that promote the formation of individual silica particles suspended in a 
continuous aqueous phase. In contrast, silica gel is prepared under conditions wherein a continuous silica 
10 mass is formed in which water is trapped, and the water phase is continuous. 

Precipitated silica distinguishes over colloidal silica, in that the particle size of dried precipitated silica 
is considerably larger, that is, 5 to 50 millimicrons for silica sols versus from about 0.5 to 50 microns for 
precipitated silica. 

The prior art discloses several procedures for the preparation of both silica gel and silica sols by the 
J5 electrolysis/electrodialysis of sodium silicate solutions. 

British 816,581 discloses methods for preparing silica sols wherein sodium silicate is subjected to 
electrolysis or electrodialysis either batch-wise or continuously in either a single el ectrolytic-electrodia lysis 
cell or in a series of cells. 

U.S. 3,668,088 describes a process for preparing colloidal silica by the electrolysis of sodium silicate in 
20 the presence of a supplemental electrolyte such as sodium chloride. 

U.S. 4,124,471, 4,147,605 and 4,203,822 describe electrolytic procedures for preparing sols which have 
controlled particle size wherein silica or metal oxide seeds (typically silica sols) are included in the anolyte 
solution during start-up of the process. 

French 968,361 and U.S. 1,557,491 describe methods for preparing silicic acid solutions by the 
25 electrolysis of sodium silicate under conditions which prevent precipitation of silica. 

U.S. 4,193,851 describes a method for preparing silica gel by the electrolysis of sodium silicate under 
the conditions wherein silica gel collects upon the anode of an electrolytic cell. 

U.S. 4,279,879 describes a method for preparing silica gel wherein sodium silicate solution which 
contains a salt such as sodium nitrate or sodium sulfate is subjected to electrodialysis. 
30 GB— A— 1 545 702 describes the preparation of silica sols having a particle size of typically 10 — 50 
millimicrons by electrodialysis of a seeded sodium silicate anolyte using a cation permselective 
membrane. 

While the above noted prior art describes methods for preparing both silica gel and silica sols by the 
electrolysis or electrodialysis of sodium silicate solutions, methods for the preparation of commercial 
35 quantities of particulate silicas having the particle size of precipitated silica by the electrodialysis of sodium 
silicate have not been developed. 

It is therefore an object to provide novel particulate silica products (dialytic silicas) which may be 
obtained by the electrodialysis of alkali metal silicate solutions. 

It is an additional object to provide a method for preparing novel dialytic silicas which have a particle 
40 size range similar to that of conventional precipitated silica. 

It Is another object to provide a method by which dialytic silica may be economically and efficiently 
prepared on a commercial scale by the electrodialysis of sodium silicate solutions. 

It is a further object to provide particulate dialytic silicas having desirable physical characteristics and 
which contain a minimum quantity of alkali metal residues. 
4 5 It is a further object to provide a method for preparing commercial quantities of dialytic silica wherein 
the production of waste effluents is minimized or eliminated. 

These and still further objects of the present invention will become readily apparent from the following 
detailed description and drawing wherein: 

Figure 1 is a cross-sectional view of an electrodialysis cell which may be used in the practice of the 
so invention; 

Figure 2 Is a flow diagram of a continuous electrodialysis process for preparing precipitated silica 
which is a preferred method for practicing the invention; 

Figures 3 and 4 are electron photomicrographs of the novel dialytic silica product of the present 
invention taken at 5000x and 20000x magnification, respectively; and 
55 Figures 5 and 6 are electron photomicrographs of a conventional precipitated silica product obtained 
by the reaction of sodium silicate with acid taken at 5000x and 20000X magnification, respectively. 

Broadly, my invention contemplates the production of novel particulate silicas, i.e. dialytic silicas, by 
the electrodialysis of an alkali metal silicate/salt solution in the presence of finely divided (colloidal) silica 
seeds. 

60 More specifically, I have found that useful, dialytic silicas having a particle size range similar to that of 
conventional precipitated silica may be economically prepared by the electrodialysis of an aqueous anolyte 
which contains an alkali metal silicate, preferably sodium silicate, an electroconductive salt other than a 
silicate, for instance alkalimetal sulphates, nitrates, phosphates or mixtures thereof, preferably sodium 
sulfate or sodium nitrate, and finely divided seeds, preferably silica, or silica-alumina. The ratio of silica 

65 from alkali metal silica to silica from seeds in the anolyte is 3:1 to 115:1. In a particularly preferred 
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embodiment of the invention, the electrodlalysls process is conducted on a continuous basis in a series of 
electrodiatysis cells, and a catholyte is recovered which contains sodium hydroxide solution that may be 
either recycled or used in the preparation of additional sodium silicate, while dialytic silica is continuously 
precipitated and recovered from the anolyte. 

5 A more clear understanding of the present invention may be obtained by reference to the drawing, 
wherein Figure 1 is a cross-sectional view of an electrodialysis cell that may be used in the practice of the 
present invention. As shown in Figure 1, the cell comprises a container 1, In which is placed an anode 2, and 
a cathode 3. Separating the anode and cathode is a cation permselective membrane 4. The membrane 4 
also separates anode compartment 10 from cathode compartment 11. 

10 In operation of the cell shown In Figure 1, an anolyte which typically comprises sodium silicate 
solution, colloidal silica (seeds) and sodium sulfate is added to the anode compartment 10. The initial 
anolyte contains about 0.01 to 2.0, preferably 0.5 to 2.0% by weight, colloidal silica (dry basis), from about 
0.3 to 30, preferably 0.3 to 20 percent sodium sulfate which increases the electroconductivity of the anolyte. 
Furthermore, the anolyte will have a pH ranging from about 2 to 12. 

15 The cathode compartment 11 contains a catholyte solution which comprises dilute sodium hydroxide 
solution which contains from about 0.1 to 40 percent by weight NaOH. Subsequent to filling the anode 
compartment 10 and cathode compartment 1 1, a source of DC power (not shown) is applied to the anode 
and cathode. While the pH-value of the anolyte in the initial or final stages of the process of the invention 
may vary within the broad range of 2 to 12 or more, the electrodialysis is conducted at a reaction pH of from 

20 5 to 1 0.5, Typically, the voltage will range from about 2.5 to 10 volts and the current density will range from 
about 0.05 to 0.3 amps/cm 2 . Preferably, the anolyte is constantly agitated during electrodialysis to prevent 
the formation of silica gel which may deposit on the anode 2. 

During operation of the cell, as indicated in Figure 1, sodium ions from the anolyte migrate through the 
membrane 4 to the cathode compartment 1 1 . Sodium silicate is preferably added to the anolyte at the same 

25 rate sodium ions are removed to the catholyte to maintain a near-constant sodium ion concentration (pH) 
in the anolyte. Simultaneously, oxygen is liberated at the anode 2 and hydrogen at the cathode 3. As the 
electrodialysis proceeds, dialytic silica precipitates in the anode compartment and may be conveniently 
removed as precipitated dialytic silica slurry. Furthermore, as the concentration of sodium hydroxide in the 
cathode compartment increases, catholyte solution is removed to maintain the desired level of sodium 

30 hydroxide In the catholyte. 

The construction of the electrodialysis cell shown in Figure 1 utilizes materials which are resistant to 
the effects of caustic solution. Typically, the cell container is constructed of glass, plastic or stainless steel. 
The anode 2 comprises titanium, zirconium, niobium or hafnium coated platinum group metals and are 
commercially available as Dimensionally Stable Anodes. The cation selective membrane 4 is preferably 

35 constructed of a polymer containing copolymerized sulfonated styrene or unsaturated carboxylic acid. 
Suitable commercially available membranes are described as sulfonic or carboxylic acid type membranes, 
such as Nation®. The cathode may be constructed of iron, steel, stainless steel or nickel. The spacing of the 
anode and cathode is preferably such that the space is minimized at preferably from about 1 to 5 mm. 
Typically, commercially available electrodialysis membranes which incorporate a built-in anode and 

40 cathode surface such as is available from General Electric may be utilized in the construction of the cells 
contemplated herein. While the Figure describes a cell which is rectangular in shape, it is contemplated that 
the cell and the included cathode and anode and cation selective membrane structure may be of cylindrical 
configuration. 

The alkali metal silicate component, preferably sodium silicate, may be obtained from several 
4 5 commercial sources, and typically comprises an aqueous solution of water glass which has the formula 1 to 
3.3 Na a O ■ SiO a . 

The finely divided silica seed component which promotes the formation of precipitated silica, has a 
particle size below 100 millimicrons and ranging typically from 1 to 30 millimicrons. The seed may be 
obtained from recycle anolyte or as commercially available silica sol. Furthermore, silica seeds may be 
so prepared in the anolyte chamber (self seeding) by electrodialysis of sodium silicate under conditions which 
produce silica-sol, i.e. voltages of 2.5 to 10 v and current densities of 0.05 to 0.3 amps/cm 2 . pH-values from 1 
to 6 may be used. Alternatively, the seed may be prepared in the form of finely dispersed silica-alumina 
mlcells. In one preferred practice of the Invention the seeds are prepared by combining sodium silicate, 
sodium aluminate and water in the following ratios: 

55 

Sodium silicate Sodium aluminate Water 



10 1 100 to 11,000 

60 1 10 100 to 11,000 

and subsequently reacting the mixture at a temperature of about 5 to about 100°C for a period of 0.5 to 10 
hours. 

In preparing the initial seed containing anolyte a seed suspension is added to the anolyte mixture in 
*5 amounts that provide from about 0.5 to 2.0 percent by weight seeds (dry basis) in the anolyte composition. 
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The seed containing anolyte is thus held (aged) for a period of about 0.5 to 12 and up to 24 hours at a 
temperature of 20 to 80°C prior to the addition of the silica solutions. 

The particulate dialytic silica which is removed from the anode compartment 10 of the cell shown in 
Figure 1 as an aqueous slurry, typically contains from about 4 to 16 percent by weight Si0 2 (dry basis). The 
5 dialytic silica product has a dried particle size which will range from about 0.1 to 100 microns, and may be 
washed with water to remove soluble impurities such as sodium hydroxide, sodium sulfate/nitrate or the 
acids of these salts. The dialytic silica product which contains typically less than about 1.0 percent by 
weight Na a O, may be utilized for a wide variety of purposes, including the preparation of catalysts, 
adsorbents, fillers and abrasives. 

'0 In a proposed preferred commercial practice of the invention, a process scheme such as shown in 
Figure 2 may be utilized. As shown in the flow diagram of Figure 2, three (or more) el ect rod ia lysis cells are 
connected in series. Electrodiatysls cell No. 1 is connected to a source of seed slurry (typically silica sol) 
containing 0.1 to 1.0 percent Si0 2 and from about 1 to 20 percent by weight of a salt (such as sodium 
sulfate/nitrate) as well as a source of sodium silicate solution. The electrodialysis starts in cell No. 1, 

'5 wherein an anolyte is produced which contains up to about 6 percent by weight precipitated silica dialytic 
product. The electrodialysis conditions for cell No. 1, as well as 2 and 3, are such that the pH will range from 
about 3 to about 9.5, the voltage will be from 2.5 to 10 v, and the current density from about 0.05 to 0.3 
amps/cm 2 . During electrodialysis a catholyte is produced which contains sodium hydroxide in amounts 
ranging from about 5 to 40 percent by weight NaOH. As shown in Figure 2, the catholyte from cell No. 1 

20 along with the catholyte produced in cells 2 and 3, are collected for subsequent use. 

As described in Figure 2, the anolyte from cell No. 1 is then conducted to the anode compartment of 
cell No. 2 and mixed with additional sodium silicate solution. In cell No. 2 the anolyte is continuously 
removed and comprises a dialytic silica slurry which contains from about 3 to 1 2 parts by weight Si0 2 . Also, 
as indicated previously, the sodium hydroxide containing catholyte is continuously removed and collected. 

25 in the third cell of the series, the anolyte of cell No. 2 is combined with additional sodium silicate in the 
anode chamber where additional dialysis produces a dialytic silica slurry having an Si0 2 content of from 
about 4 to 16 percent by weight. 

While three cells are connected in series in Figure 2, it is to be understood that the process may be 
conducted using additional cells. It Is contemplated that as many as up to 50 cells may be interconnected to 

30 obtain the desired result. Further the silica seeds may be prepared by electrodialysis in the first cell of the 
series. The final anolyte from cell No. 3, which contains dialytic silica, is then subjected to a separation 
process, typically settling/decantation and/or centrifuging and filtration to obtain a dialytic silica filter cake 
which is subsequently washed and dried to a desired soda and moisture level. 

The dried dialytic silica typically has a particle size range of 0.1 to 100 microns and an apparent bulk 

35 density (ABD) of 0.1 to 0.6 g/cc, a surface area (SA) of 10 to 500 m 2 /g as determined by BET, a nitrogen pore 
volume (N 2 PV) of 0.1 to 2.5 cc/g in pores ranging from about 5 to about 600 A in diameter, a total mercury 
pore volume (HgPV) of 1 to 6 cc/g in pores ranging from about 37 to about 1000 nm (10,000 A) in diameter. 

As indicated in Figures 3 and 4 the novel dialytic silica of the present invention is characterized by a 
unique physical structure wherein an open structure is produced. This structure contains more internal 

40 pores and a high degree of particle integrity, hardness and grindabllity than conventional particulate 
precipitated silica products. It appears that the dialytic silica particles comprise silica micelles bound 
together by siloxane bonds rather than hydrogen bonds present in conventional precipitated silica 
particles. 

A sample of conventional precipitated silica having a similar particle size is shown in Rgures 5 and 6; It 
45 is noted that the structure of the conventional precipitated silica particles is considerably different from that 

of the novel dialytic silica shown in Figures 3 and 4 in that significantly less internal pore structure and 

resulting surface area is present 

I have also observed that the novel dialytic silica of the present invention possesses a unique pore 

volume distribution which is not found in conventional precipitated silicas. In particular, my dialytic silica 
so contains less pore volume in pores smaller than 300 nm (3000 A) in diameter and more pore volume in 

pores larger than 300 nm (3000 A) in diameter as determined by mercury porosimetry) than conventional 

precipitated silicas having a similar particle size range. As will be shown in data set forth in the subsequent 

examples, the ratio of pore volume, in pores greater than 300 nm (3000 A) in diameter to pore volume in 

pores less than 300 nm (3000 A) in diameter (expressed as 

55 

PV>300 nm (3000 A) 



PV<300 nm (3000 A) 

for dialytic silica is greater than 1 and typically ranges from about 1.6 to about 3.5, whereas the 

PV>300 nm (3000 A) 



PV<300 nm (3000 A) 

65 for conventional precipitated silicas having similar total pore volumes typically range from about 0.4 to 1 . 
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It is also noted that the novel dlatytic silicas of my invention possess unique abrasion characteristics 
which may be due in large part to the unique physical structure illustrated in the photomicrograph of Figure 
3. While conventional precipitated silicas of the type shown in Figure 4 become soft (less abrasive) as 
porosity (pore volume) increases, my dia lytic silica remains quite abrasive at high porosities due to its 
s increased structural integrity. In addition it is noted that dialytic silica exhibits a high degree of thickening 
efficiency when used as a thickening agent in liquid systems. 

The anolyte liquid component which is separated from the dialytic silica by settling and decantation, 
centrifuging and/or filtration, contains minor quantities of sodium silicate as well as partially polymerized 
colloidal silica which may be recycled as a seed component or combined with additional sodium silicate 
'0 solution. It is noted that the process set forth in Figure 2 contemplates the production of dialytic silica 
wherein a minimum of waste effluent is produced. Concentrated sodium hydroxide catholite as well as the 
liquid anolyte filtrate and wash water are collected and recycled. 

Having described the basic aspects of the present invention, the following examples are given to 
illustrate specific embodiments thereof. 

is 

Example 1 

(a.) In each run a starting seed-containing anolyte was prepared by combining the following 
ingredients: 

20 Anolyte seed solution 

1,21 1 g 0=1,38 g/cm 3 (40° Baume) sodium silicate solution (28.7 wt. % Si0 2 8.8 wt. % Na 2 0) 
300 g sodium nitrate 
34,000 g water 



25 35,511 g total 

The anolyte at pH 10.9 and 46°C was placed in the anode compartment of an electrolytic cell similar to 
that shown in Figure 1. Six volts applied across the cell produced a current of 39 amperes. After 118 
ampere-hrs pH of the anolyte was 6.7 and the temperature was 50°C. The mixture was then aged one hour 
30 with no current applied. The resulting anolyte comprised a silica-sol seed composition which contained 1 
percent by weight Si0 2 . 

(b.) After one hour the current was turned on and the following anolyte feed solution was added slowly 
to the seed anolyte prepared in (a.) above to maintain the pH of the anolyte at 6. 

35 Anolyte feed solution 

6055 g D=1,38 g/cm 3 (40° Baum6) sodium silicate solution 
3027 g water 



9082 g total 

AO 

The feed solution contained 5 times as much by weight Si0 2 as the starting anolyte solution but was 
sufficiently diluted to prevent clogging at the end of the feed tube. Addition of the anolyte feed solution 
took four days and an electrical energy consumption of 808 ampere-hours, which maintained the pH at 6. 
The pH was then reduced to 2.67. The resulting slurry was filtered and washed with 20 liters deionized (Dl) 
45 water and 60 liters pH 9 ammonium hydroxide solution, and dried overnight at 200°C. This dialytic silica has 
a surface area of 401 m 2 /g and nitrogen pore volume of 1.32 mt/g.The properties of this sample (Sample 2) 
are set forth in Table I. 

(c.) Additional samples (1 and 3) were prepared by a similar technique using the seeding ratios shown 
in Table I. Sample 1 was completed in two days while Sample 3 took four days with a weekend occurring in 
50 the middle of the run. Aging overnight during the preparation of these samples may account for some 
variation in physical properties set forth in Table I. 
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TABLE I 



20 



25 



30 



Oialytlc silica properties 










Sample No. 






1 


2 


3 


Seed ratio (wt Si0 2 added to wt Si0 2 seed) 

• 


3/1 


5/1 


7/1 


Chemical analyses 
Total volatiles (TV) @ 1750°F (wt. %) 


5.89 


6 02 


4 22 


Na 2 0 (wt. %) 


0.26 


0.094 


0.047 


SO* (wt. %) 


0.016 


0.027 


0.045 


N (wt. %) 


0.10 


n m a 


n non 


pH (5 wt. % in H 2 0) 


9.13 


r««<3 


C CA 

D.O*f 


Apparent Bulk Density (ABD) (g/cc) 


0.216 






Oil adsorption (parts by wt. oil/100 parts by 
wt. silica) 


293 


2ft fi 


2*52 


Physical properties 
Surface areas (m 2 /g) 


283 


401 


272 


Pore volume (N 2 , ml/g^60 nm (600 A) dia. 


1.69 


1.32 


0.87 


Average pore diameter nm (A) 


2.39 (239) 


13.1 (131) 


12.8 (128) 


Total IM 2 pore volume (ml/g) 


2.17 


2.14 


1.82 


Dialysis conditions 
Voltage (v.) 


6.0— -6.9 


6.0—7.25 


6.0—7.3 


Current density (amps/cm 2 ) 


.043— .065 


.034-.055 


.035— .055 


Power consumed (amp-hrs.) 


602 


949 


1,493 


Feed pH 


11.3 


11.3 


11.3 


Final pH 


2.90 


2.67 


3.02 



45 



Example 2 

Additional runs were conducted at silica to seed ratios of 5/1 , 7/1 and 10/1. 

(a) In all runs the initial seed concentration in the anolyte was 0.8 percent Si0 2 . 



50 



Anolyte seed solution 

943 g D=1,38 g/cm 3 (40° Baum6) sodium silicate solution (38% by wt Na 2 0 • Si0 2 ) 
500 g sodium nitrate 
34,000 water 

55 

35,433 g total 

The pH of the anolyte seed solution was reduced from 10.2 to 7.1 at 70°C by applying a voltage of 5 
volts for 11 1 ampere hours. The resulting silica-sol seed preparation was aged at room temperature for 2 
60 hours. The following anolyte feed solution was added slowly, maintaining the pH between 7.6 and 8.5. 



65 
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to 



Anolyte feed solution 

4715 g 0=1,38 g/cm 3 (40° Baume) sodium silicate solution 
2360 g water 

7075 g total 

The voltage, current density, total power consumed, as well as the anolyte pH, maintained during 
addition of the feed solutions and final pH of the anolyte for each run is set forth in Table II along with 
chemical and physical properties of the product 

TABLE II 
Dialytic silica properties 

Sample No. 



ts 



Seed ratio (wt. Si0 2 feed to wt. SI0 2 seed) 

20 Chemical analyses 
TV @ 1750°F, % 

Na 2 0 (wt %) 

25 S0 4 (Wt. %) 

Al 2 0 3 (wt. %) 



30 



N 2 (wt. %) 

pH (5% in water) 

ABD (Apparent Bulk Density) 

35 Oil adsorption (g oil/100 g silica) 

Physical properties 
Surface area, (m 2 /g) 

40 Pore volume — (N 2 , ml/g) 

Pore diameter, nm (A) 



45 



50 



Pore volume, total (ml/g) 
Dialysis conditions 

Voltage (v) 

Current density (amps/cm 2 ) 
Power consumed (amps-hrs) 



5/1 

5.11 
0.87 
0.10 
0.12 
0.37 
4.24 
.108 
316 

215 
0.95 

17.8 (178) 
2.79 



7/1 

1.52 
0.16 
0.31 
0.10 



4.30 
.120 
279 

167 
0.84 

20.1 (201) 
1.63 



7.1—8.5 f 7.4—9.0 



5.0—6.5 



.058 



8.7—10.1 



.081 



702 



6 



10/1 

3.55 
0.22 
0.50 



3.16 
.170 
213 



7.9-8.6 
6.0—7.0 
.055 
1564 



55 Example 3 

The result of eight runs (Samples 7 to 14) are shown In Table III. In these preparations three variables 
were studied at three levels: 



60 



Salt (Na 2 SO d ) content 
Seed (Ludox) 
Sodium silicate solution 
D=1,38 g/cm 3 (40° Baume) 



50, 100, 200 g 
25, 50, 100 g 
1, 2, 3 kg 



Sodium sulfate (anhydrous), seed (commercial silica-sol Ludox 40% Si0 2 ) and deionized water were 
65 mixed to prepare four liters of anolyte. The anolyte was aged overnight at room temperature before 
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electrolysis started. Sodium silicate was added to the hot (90°C) stirred anolyte. pH's were not fully 
controlled, but generally were in the 9.0 — 10.4 range. After all the sodium silicate was added electrolysis 
continued until the pH was below 2.0. The slurry resulting was filtered, washed with eight liters of pH 9.5 
ammonium hydroxide solution and three liters of deionized water, reslurried and spray dried. After spray 

5 drying, the samples were held in an oven overnight at 200°C. 

When the seed is left out of this procedure (Sample 15), the anolyte gels after part of the sodium silicate 
is added and the gelled anolyte Is difficult to remove from the electrolytic cell. High concentrations of the 
salt, or acid, and agitation, appear to reduce silica gelation on the anode. As shown in the data set forth in 
Table III the ratio of silica from sodium silicate (feed) to silica from seed is important in controlling physical 

io properties, as also is pH and temperature of the anolyte, concentration of sodium silicate solution and 
addition rate. It was noted that silica forms on the anode when the anolyte pH reaches about 10.7. 
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Example 4 

A series of 13 particulate dialytic silica samples was prepared using the following general procedure: 
(a) A seed mixture was prepared by combining either 80 gal of decantate obtained from a previous 
batch (Samples 3—7 and 9— 13) or dialytic sodium silicate solution (Samples 1, 2 and 8) with a salt (sodium 

5 sulfate or sodium nitrate) in amounts to obtain a salt concentration of 0.5 molar. Sodium silicate solution 
0=1,38 g/cm 3 (40° Be) was added to provide up to 1.2 weight percent Si0 2 from sodium silicate along with 
sufficient water to obtain 120 gal of seed mixture. The mixture was heated to 60 to 80°C and subjected to 
electrolysis in an apparatus similar to that shown in Figure 1 to reduce the pH of the mixture from about 1 1 
down to 3 to 6. The seed mixture was then aged for a period of up to 1 hour. 

io (b) To obtain an anolyte reaction mixture, sodium silicate solution D=1,28 g/cm 3 (32° B§) was added to 
the seed mixture to increase the pH up to 8 to 9. Electrolysis of the resulting anolyte mixture was performed 
at a voltage of 5—7 v and at a current of 400— 500 amperes while continuously adding sufficient sodium 
silicate solution 0=1,28 g/cm 3 (32° B6) to maintain a pH of 8 to 9. Electrolysis/sodium silicate 
addition/particulate dialytic silica formation was continued until the ratio of silica added during electrolysis 

15 of the anolyte reaction mixture was 3 to 8 times the amount of silica added during formation of the seed 
mixture in step (a) above. Addition of silicate solution was terminated and electrolysis was continued until 
the pH of the anolyte reaction mixture was lowered to a range of 3 to 7. The batch was permitted to settle 
for 12 to 24 hours. The upper layer was decanted and in some instances recycled to another batch. The 
bottom layer which contained the particulate dialytic silica product was reslurried with water, filtered, 

20 washed and dried to obtain the samples described in Table IV. The specific reaction conditions are also 
summarized in Table IV. 
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Example 5 

The physical properties of dialytic silicas prepared in accordance with the method of Example 4 
(Samples 3—8) of the present invention were compared to the physical properties of conventional 
commercially available particulate precipitate and fumed silica products. The physical property data is 
summarized in Table IV wherein ABD=average bulk density, g/cc; Cent Density=centrifuge density, g/cc; 
ON Ads=Oil Adsorption, g/100 g as determined with linseed oil; Surface Area=m 2 /g as determined by BET; 
Total Pore Volume=cc/g as determined by mercury porosimetry; Powder RDA=abrasion as determined by 
Radioactive Dentini abrasion; the pore volume distribution in pores above and below 300 nm (3000 A) 
diameter as measured by mercury porosimetry and the ratios thereof. 
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From the above data it is noted that the dialytic silicas of the present invention possess a significantly 
greater 

PV>300 nm (3000 A) 
PV<300 nm (3000 A) 

than precipitated silicas of the prior art which have similar total pore volumes. The fumed silica Sample 13 
(Cab-O-Sil M-5®) possess a 

PV>300 nm (3000 A) 
PV<300 nm (3000 A) 

of 1.6; however, it is noted that the total pore volume (7.67 cc/g) is much greater than that of the dialytic 
silicas. Accordingly, it is indicated that the dialytic silicas of the present invention have unique pore volume 
distribution/surface area characteristics which distinguish the dialytic silica products over the commercially 
available precipitated and fumed particulate silicas. 

The above examples clearly indicate that valuable silica products may be obtained using the teachings 
of the present invention. 

Claims 



1. The process for preparing precipitated dialytic silica by electrodia lysis of a seeded silicate-containing 
anolyte which comprises: 

(a) preparing an aqueous anolyte which contains an electroconductive salt other than a silicate and 
silica-containing seeds having a particle size of below 100 milli-um; 

(b) adding alkali metal silicate to the anolyte in an amount to supply a ratio of silica from alkali metal 
silicatersilica from seeds of from 3:1 to 115:1 and subjecting said anolyte to electrodia lysis to remove alkali 
metal ions at a pH of from 5 to 10.5 and cause precipitation of silica; and 

(c) recovering precipitated particulate, porous dialytic silica from said anolyte to obtain particles having 
a size range of about 0.1 to 100 urn. 

2. The method of claim 1 wherein silicate solution is added to said anolyte during electrodialysis at a 
rate which provides a substantially constant concentration of alkali metal ions in said anolyte. 

35 3. The method of claim 1 wherein said anolyte is agitated to prevent deposition of silica on an anodic 
surface. 

4. The method of claim 1 wherein the initial concentration of silica seeds in said anolyte is sufficient to 
provide 0.5 to 2.0 percent by weight colloidal silica in said anolyte and said seed containing anolyte is aged 
for a period of up to about 24 hours prior to addition of the silicate solution. 

5. The method of claim 1 wherein said electroconductive salt other than a silicate is selected from the 
group consisting of alkali metal sulfates, nitrates, phosphates and mixtures thereof. 

6. The method of claim 1 wherein said electroconductive salt other than a silicate is present in said 
anolyte in amounts ranging from about 0.3 to 20 percent by weight. 

7. The method of claim 1 wherein said silica containing seed is selected from the group consisting of 
4S silica sol, silica-alumina sol, recycled silica containing anolyte, and seed produced in the starting anolyte. 

8. The method of claim 1 wherein said electrodialysis is conducted continuously in a series of 
electrodialysis cells. 

9. The method of claim 8 wherein a seed containing anolyte is produced in the first electrodialysis cell 
at a pH of from about 1 to 6 and the final electrodialysis is conducted at a reaction pH of from 5 to 10.5. 

10. The method of claim 8 wherein the said sodium hydroxide containing catholyte is continuously 
collected from said electrodialysis cells. 

11. The method of claim 9 wherein said seed containing anolyte is held for a period of up to about 4 
hours prior to the addition of silicate. 

12. A particulate, porous dialytic silica having a particle size range of from about 0.1 to 100 urn, a total 
internal pore volume of about 0.1 to 6 cc/g by Mercury Porosimetry and a ratio of pore volume in pores 
greater than 300 nm (3000 A) in diameter to pore volume in pores less than 300 nm (3000 A) in diameter 
greater than 1. 

13. The silica of claim 12 wherein said ratio ranges from about 1.6 to 3.5. 

14. The silica of claim 12 having a surface area of about 10 to 500 m 2 /g. 

15. The silica of claim 12 having an RDA value of greater than 250. 

16. The silica of claim 12 in which silica micelles are bonded together by siloxane bonds. 

PatentansprOche 

1. Verfahren zur Herstellung von gefS liter dialytischer Kieselsdure durch Elektrodialyse einer 
65 beimpften, Silikat enthaltenden Anodenflussigkeit, dadurch gekennzeichnet, daft man 
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(a) sine wassrige Anodenflussigkeit herstellt, welche eln elektrisch leitendes Salz, welches nicht ein 
Silikat 1st, und SNIciumdfoxid enthaltende Keime mit einer TeilchengroGe unterhalb 100 mflli urn enthalt, 

(b) der Anodenflussigkeit Alkalimetallsllikat in einer solchen Menge zufOgt, daG das Verhditnis von 
Siliciumdioxid aus Alkalimetallsllikat zu Siliciumdioxid aus Keimen von 3:1 bis 115:1 betragt und die 

5 AnodenflQssigkeit einer Elektrodialyse unterwirft, um Alkalimetalllonen bei einem pH-Wert von 5 bis 10,5 
zu entfernen und die KieselsSure zu fallen, und 

(c) gefSllte teilchenformige, porose dialytische Kieselsaure aus der Anodenflussigkeit gewinnt, um 
Teilchen mit einer GroGe von etwa 0,1 bis 100 Jim zu erhalten. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG man die Silikatldsung der 
'0 Anodenflussigkeit wahrend der Elektrodialyse mit einer solchen Geschwindigkeit zufugt, daG eine im 

wesentllchen konstante Alkalfmetall-lonenkonzentration in der Anodenflussigkeit vorliegt 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG man die Anodenflussigkeit ruhrt, um die 
Ablagerung von Kieselsaure auf einer Anodenoberflache zu verhindern. 

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG die Ausgangskonzentration der 
is Siliciumdioxid-Keime in der Anodenflussigkeit ausreicht, um 0,5 bis 2,0 Gew.% kolloidale Kieselsaure In 

der Anodenflussigkeit zur VerfOgung zu stellen und man die Keime enthaltende AnodenflQssigkeit uber 
einen Zeltraum bis zu etwa 24 Stunden vor Zugabe der Silikatldsung altert. 

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG das elektrisch ieitende Salz, welches nicht 
Silikat ist, aus der Gruppe bestehend aus Alkalimetall-Sulfaten, -Nitraten, -Phosphaten und Mischungen 

20 derselben ausgewahlt ist. 

6. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG das elektrisch Ieitende Salz, welches nicht 
Silikat ist, in der AnodenflQssigkeit in Mengen von etwa 0,3 bis 20 Gew.% vorliegt 

7. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG die Siliciumdioxid enthaltenden Keime 
ausgewahlt sind aus der Gruppe bestehend aus Siliciumdioxidsol, Siliciumdioxid-Atuminiumoxidsol, 

25 ruckgefuhrter Siliciumdioxid enthaltender AnodenflQssigkeit und in der Ausgangsanodenflusslgkeit 
hergesteliten Keimen. 

8. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG die Elektrodialyse kontinuierlich in einer 
Serie von Elektrodialysezellen durchgefuhrt wird. 

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daG die Keime enthaltende Anodenflussigkeit 
30 in einer ersten Elektrodialysezelle bei einem pH-Wert von etwa 1 bis 6 hergestellt wird und die endgultige 

DIalyse bei einem Reaktions-pH-Wert von 5 bis 10,5 durchgefQhrt wird. 

10. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daG die Natrium hydroxid enthaltende 
KathodenflQssigkeit kontinuierlich aus den Elektrodialysezellen gesammelt wird. 

11. Verfahren nach . Anspruch 9, dadurch gekennzeichnet, daG man die Keime enthaltende 
35 Anodenflussigkeit vor Zugabe des Silikats uber einen Zeitraum von etwa 4 Stunden lagert. 

12. Teilchenfdrmige, porose dialytische Kieselsaure mit einer TeilchengroGe im Bereich von 0,1 bis 100 
um, einem internen Gesamtporenvolumen von etwa 0,1 bis 6 cm 3 /g nach quecksilber-porosimetrischer 
Messung und einem PorenvolumenverhSltnis von Poren mit einem Durchmesser groGer als 300 nm (300 A) 
zu Poren mit einem Durchmesser von weniger als 300 nm (300 A) von groGer als 1. 

to 13. Kieselsaure nach Anspruch 12, dadurch gekennzeichnet, daG das Verhaltnis von etwa 1,6 bis 3,5 
betragt 

14. Kieselsaure nach Anspruch 12, mit einer Oberflache von etwa 10 bis 500 m 2 /g. 

15. Kieselsaure nach Anspruch 12 mit einem RDA-Wert von mehr als 250. 

16. Kieselsaure nach Anspruch 12, bei welcher die Kieselsduremicetlen durch Siloxanblndungen 
*5 aneinander gebunden sind. 

Revendications 

1. Proc6de de preparation d'une silice dialytique precipitee par electrodialyse d'un anolyte contenant 
so un silicate ensemence, qui consiste a: 

(a) preparer un anolyte aqueux qui contient un sel electroconducteur autre qu'un silicate et un 
ensemencement contenant de la silice ayant une dimension de particule de molns de 100 milli-um; 

(b) ajouter un silicate d'un metal alcalin a I'anolyte en une quantite pour produire un rapport de silice 
du silicate d'un metal alcalin :slllce de I'ensemencement de 3:1 a 115:1 et soumettre (edit anolyte a une 

55 electrodialyse pour retirer les ions de metal alcalin a un pH de 5 a 10,5 et provoquer une precipitation de la 
silice; et 

(c) recuperer la silice dialytique poreuse particulate precipitee dudit anolyte pour obtenir des 
particules ayant une plage de dimensions comprise entre environ 0,1 et 100 Mm. 

2. Methode selon la revendication 1, ou une solution de silicate est ajoutee audit anolyte pendant 
so I'electrodialyse a une allure qui produit une concentration sensiblement constants des ionsde metal alcalin 

dans ledit anolyte. 

3. Methode selon la revendication 1, ou ledit anolyte est agite pour empecher ledepdt de silice sur une 
surface d'anode. 

4. Methode selon la revendication 1, ou la concentration initials de I'ensemencement de silice dans 
65 ledit anolyte est sufffsante pour produire 0,5 a 2,0% en poids de silice colloTdale dans ledit anolyte et ledit 
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ensemencement contenant I'anolyte est vieilli pendant une periode pouvant atteindre environ 24 heures 
avant addition de la solution de silicate. 

5. Methods selon ta revendication 1, ou ledit sel electroconducteur autre qu'un silicate est choisi dans 
le groupe consistant en sulfates, nitrates, phosphates de mStaux alcalins et leurs melanges. 
5 6. Methods selon la revendication 1, ou ledit sel electroconducteur autre qu'un silicate est present dans 
ledit anolyte en quantites comprises entre 0,3 et 20% en poids. 

7. Methode selon la revendication 1, ou ledit ensemencement contenant de ta silice est choisi dans le 
groupe consistant en sol de silice, sol d'alumi no-silicate, anolyte contenant de la silice en recyclage et 
ensemencement produit dans I'anolyte de depart. 
*o 8. Methode selon la revendication 1, ou ladite electrodialyse est entreprise de maniere continue dans 
une serie de cellules d'electrodialyse. 

9. Methode selon la revendication 8, ou un anolyte contenant un ensemencement est produit dans la 
premiere cellule d'electrodialyse a un pH d'environ 1 a 6 et ('elect rod iaiyse finale est entreprise a un pH de 
reaction de 5 a 10,5. 

'5 10. Methode selon la revendication 8, ou ledit catholyte contenant de I'hydroxyde de sodium est 
continuellement recueiili desdites cellules d'electrodialyse. 

11. Methode selon la revendication 9, ou ledit anolyte contenant un ensemencement est maintenu 
pendant une periode pouvant atteindre environ 4 heures avant I'addition du silicate. 

12. Silice dialytique poreuse particulate ayant une plage de dimensions de particules d'environ 0,1 a 
20 100 urn, un volume interne totate des pores d'environ 0,1 a 6 cc/g par porosimetrie au mercure et un 

rapport du volume des pores dans les pores plus grands que 300 nm (3.000 A) de diametre au volume des 
pores dans les pores ayant moins de 300 nm (3.000 A) de diametre plus important que 1. 

13. Silice de la revendication 12, ou ledit rapport est compris entre environ 1,6 et 3,5. 

14. Silice de la revendication 12 ayant une aire superficielle d'environ 10 a 500 m 2 /g. 
25 15. Silice de la revendication 12 ayant une valeur de RDA de plus de 250. 

1 6. Silice de la revendication 12 oil des micelles de silice sont iiees ensemble par des liaisons siloxane. 
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